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BACKGROUND OF THE INVENTION 

1. Field of the Invention 
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BRIEF SUMMARY OF THE INVENTION 
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Additional objects and advantages of the invention will be set forth in the description 
which follows, and in part will be obvious from the description, or may be learned by practice of 
the invention. The objects and advantages of the invention may be realized and obtained by 
means of the instrumentalities and combinations particularly pointed out hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

The accompanying drawings, which are incorporated in and constitute a part of the 
specification, illustrate presently preferred embodiments of the invention, and together with the 
general description given above and the detailed description of the preferred embodiments given 
below, serve to explain the principles of the invention. 
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FIG. 4 is an overall plan view of a substrate processing device according to a second 
embodiment of the present invention; 

FIG. 5 is a schematic vertical cross-sectional view showing a sketch of the substrate 
processing device; 

FIG. 6 is a schematic view showing a substrate transfer device according to the second 
embodiment of the present invention; 

FIG. 7 is an explanatory diagram showing the transmission system of the substrate 
transfer device; 

FIG. 8 is a cross-sectional view showing an example of the specific composition of part 
of the substrate transfer device; 

FIG. 9 is an explanatory diagram showing the operation of the substrate transfer device; 
FIG. 10 is an explanatory diagram showing the operation of the substrate transfer device; 
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FIG. 11 is an explanatory diagram showing how wafers are transferred in the substrate 
processing device; 

FIG. 12 is a plan view showing part of a substrate processing device according to a 
modification of the second embodiment; 

FIG. 13 is an overall plan view of a substrate processing device according to a third 
embodiment of present invention; 

FIG. 14 is a schematic vertical cross-sectional view showing a sketch of the substrate 
processing device; 

FIG. 15 is a schematic view showing a substrate transfer device according to the third 
embodiment of the present invention; 

FIG. 16 is an explanatory diagram showing the transmission system of the substrate 
transfer device; 

FIG. 17 is a cross-sectional view showing an example of the specific composition of part 
of the substrate transfer device; 

FIG. 18 is an explanatory diagram showing the principle of operation of the substrate 
transfer device; 

FIG. 19 is an explanatory diagram showing the operation of the substrate transfer device; 

FIGS. 20A and 20B are explanatory diagrams showing how wafers are transferred in the 
substrate processing device; 

FIGS. 21 A and 21B are explanatory diagrams showing how wafers are transferred in the 
substrate processing device; 

FIGS. 22A and 22B are explanatory diagrams showing how wafers are transferred in the 
substrate processing device; 
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DETAILED DESCRIPTION OF THE INVENTION 
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[Second Embodiment] 

FIGS. 4 and 5 show a substrate processing device according to a second embodiment of 
the present invention. This substrate processing device has two cassette chambers 111 and 112 
of airtight structure, into which are transferred cassettes (substrate transfer containers) C, which 
store multiple wafers, which are the substrates. These cassette chambers 111 and 112 are 
arranged aligned in a horizontal row, and therefore the cassettes C that are placed in them are 
aligned on a straight line to the left and right of each other. Cassette chambers 111 and 112 
correspond to, respectively, the first substrate transfer container chamber, which forms the first 
placement area, and the second substrate transfer container chamber, which forms the second 
placement area. 

Cassette chambers 111 and 112 each have a gate door GD on the atmosphere side, and 
the space with the atmosphere is airtightly partitioned by this gate door GD. Provided inside 
cassette chambers 111 and 112, as shown in FIG. 5, is elevator part 111b for raising and lowering 
cassette placement platform 111a and successively positioning the wafer retention grooves inside 
cassette C to the access level of the first transfer device, which is discussed below. 

First transfer chamber 113, which is of airtight structure, is airtightly connected to the 
interior side of cassette chambers 111 and 112, and airtightly connected to this first transfer 
chamber 113, via first and second preliminary vacuum chambers 114 and 115, which are two load 
lock chambers (standby chambers) aligned to the left and right, is second transfer chamber 116, 
which is given a vacuum atmosphere. In this example, we describe the case of a so-called open 
cassette, but if a sealed cassette is used, a sealed cassette will be detachably connected to the side 
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wall of transfer chamber 113, and this point is discussed below. 

Provided inside first transfer chamber 113 are positioning stages 117 and 118 for 
rotating wafers W and aligning their orientation, and first substrate transfer device 102 for 
transferring wafers W between cassette chamber 111 and 112 and preliminary vacuum chambers 
114 and 115 and positioning stages 117 and 118. The openings (transfer openings) on the first 
transfer chamber 113 side in first and second preliminary vacuum chambers 114 and 115 face 
toward swivel center Ql of first substrate transfer device 102. Here, the fact that they face 
toward swivel center Ql means that the openings of first and second preliminary vacuum 
chambers 114 and 115 are not aligned on a straight line but that as seen from above the layout 
forms a chevron, in other words, that they are arranged along mutually adjacent sides of a 
polygon. Also, cassette chambers 111 and 112 and first transfer chamber 113 are given, for 
example, an inert-gas atmosphere or a vacuum atmosphere. 

Second transfer chamber 116 is formed in a polygonal shape, for example an octagonal 
shape, and provided inside it is second substrate transfer device 103. Connected airtightly to six 
of the sides of the octagon of this second transfer chamber 116 are vacuum chambers 104 
(104A-104F), which are substrate process chambers, and connected to the remaining two sides are 
preliminary vacuum chambers 114 and 115. The composition of second substrate transfer device 
103 is such that, for example, two wafers W can be passed simultaneously between vacuum 
chambers 104 (104A-104F) and preliminary vacuum chamber 114 and 115. In FIG. 4, vacuum 
chambers 104 are pictured, for convenience in illustration, as simple circles, but if circular 
chambers are actually used, a member that joins the chamber and second transfer chamber 116 
and forms a transfer opening is interposed between them. 

Vacuum chambers 104 may also be chambers in the shape of, for example, a 
quadrilateral. What can be cited as the vacuum processing that is done in vacuum chambers 104 
includes, for example, etching by etching gas, film formation processing by film formation gas, 
and ashing by ashing gas. Provided inside a vacuum chamber 104, as shown in FIG. 5, are 
placement platform 141 onto which to place wafer W and gas supply part 142 for supplying 
processing gas, and the centers of the wafers W placed onto placement platforms 141 in vacuum 
chambers 104 lie on a circle whose center is the center of second transfer chamber 116. 

Next, we describe in detail first substrate transfer device 102, which is a substrate 
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transfer device according to the second embodiment of the present invention. FIG. 6 and FIG. 7 
show a general view and the transmission system, respectively, of first substrate transfer device 
102. In this example, this substrate transfer device 102 has first multi-joint arm 102A, which 
forms the first transfer part, and second multi-joint arm 102B, which forms the second transfer 
part, and first multi-joint arm 102A has first swivel arm 151, whose swivel center Ql is the center 
part of first transfer chamber 113 (see FIG. 4), middle arm 152, which is provided rotatably in the 
horizontal direction at the tip-end part of this swivel arm 151 and is constituted shorter than 
swivel arm 151, and first substrate holding arm (tip-end arm) 153, which is provided rotatably in 
the horizontal direction at the tip-end part of this middle arm 152 and is formed, for example, in 
fork shape. 

Second multi-joint arm 102B, whose swivel center coincides with swivel center Ql of 
said swivel arm 151, has swivel arm 161, which is provided below swivel arm 151 and comprises 
the second swivel part, middle arm 162, which is provided on this swivel arm 161 and is 
constituted shorter than swivel arm 161, and second substrate holding arm (tip-end arm) 163, 
which is provided on this middle arm 162. The structure of second multi-joint arm 102B is 
essentially the same as the structure of first multi-joint arm 102A, but it is different in, for 
example, the length of the rotation shaft of tip-end arm 163, in order to ensure that the height 
position of substrate holding arm 163 is made the same as substrate holding arm 153 of first 
multi-joint arm 102A, that is, in order to ensure that the composition is such that tip-end arms 153 
and 163 transfer on the same plane. 

First multi-joint arm 102A and second multi-joint arm 102B wait, forming a chevron 
shape, put in a position rotated forward from the position in which, in standard position, swivel 
arms 151 and 161 lie on a straight line with each other. And at this time the positions are set so 
that middle arms 152 and 162 are put in a position rotated rearward from the position in which 
they are parallel with swivel arms 151 and 161, substrate holding arms 153 and 163 are put in a 
position rotated slightly inward (toward the swivel center) from the position in which they are 
parallel with middle arms 152 and 162, and substrate holding arms 153 and 163 do not interfere 
with each other. 

Describing the transmission system of first and second multi-joint arms 102A and 102B 
while referring to FIG. 7, the composition is such that swivel arm 151 of first multi-joint arm 
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102A swivels by cylindrical swivel shaft 170, whose center of rotation is swivel center Ql. 
Provided on the base-end side of swivel arm 151 is base-end pulley 172, which can rotate 
independently of swivel arm 151 by rotation shaft 171, whose center of rotation is swivel center 
Ql and which is provided inside cylindrical swivel shaft 170. Provided rotatably on the tip-end 
part of swivel arm 151 is support pulley 173, which supports middle arm 152 and rotates 
integrally with middle arm 152, and this support pulley 173 is coupled to base-end pulley 172 by 
timing belt 174. 

Affixed to the upper-end part of hollow rotation shaft 175, which is provided on the 
upper side of support pulley 173, is middle arm 152. Provided on the base-end part of middle 
arm 152, coaxially with said support pulley 173, is intermediate pulley 176, which for example is 
of the same diameter and has the same number of teeth as said support pulley 173, while provided 
rotatably on the tip-end part of middle arm 152 is tip-end pulley 177, and this tip-end pulley 177 
is coupled to intermediate pulley 176 by timing belt 178. Intermediate pulley 176 is affixed to 
shaft part 176a, which passes through the interior of hollow rotation shaft 175 and is affixed to 
swivel arm 151. Affixed to the upper-end part of rotation shaft 179, which is provided on the 
upper side of tip-end pulley 177, is substrate holding arm 153. 

The ratio of the number of teeth between base-end pulley 172 and support pulley 173 is 
set to, for example, 2.67:1, which is a value greater than 2, and the ratio of the number of teeth 
between intermediate pulley 176 and tip-end pulley 177 is set to 1:2. Because of this, substrate 
holding arm 153 assumes a locus that describes a curve, as discussed below. 

In second multi-joint arm 102B, 180 is a cylindrical swivel shaft, 181 is a cylindrical 
rotation shaft, 182 is a base-end pulley, 183 is a support pulley, 184 is a timing belt, 185 is a 
rotation shaft, 186 is an intermediate pulley, 186a is a shaft part, 187 is a tip-end pulley, 188 is a 
timing belt, and 189 is a rotation shaft. Second multi-joint arm 102B is different from first 
multi-joint arm 102A in several points — for example, rotation shaft 181 of base-end pulley 182 is 
provided so as to surround swivel shaft 170 of first multi-joint arm 102A, and rotation shaft 189 
of substrate holding arm 163 is longer than rotation shaft 179 of substrate holding arm 153 of first 
multi-joint arm 102A — but it is exactly the same as first multi-joint arm 102A in its composition 
that determines the transfer function. Therefore, the center of rotation of swivel shaft 180 and 
rotation shaft 181 is said swivel center Ql, and the ratio of the lengths of middle arm 162 and 
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swivel arm 161, the ratio of the number of teeth between base-end pulley 182 and support pulley 
183, and the ratio of the number of teeth between intermediate pulley 186 and tip-end pulley 187 
are set similarly. 

In FIG. 7, 154 and 155 are, respectively, the first swivel drive part, which drives swivel 
shaft 170, and the first telescoping drive part, which drives rotation shaft 171, in first multi-joint 
arm 102A, and 164 and 165 are, respectively, the second swivel drive part, which drives swivel 
shaft 180, and the second telescoping drive part, which drives rotation shaft 181, in second 
multi-joint arm 102B. These drive parts 154, 155, 164, and 165 correspond to mechanisms made 
up of motors, pulleys, and belts, etc., and are controlled by controller Cont-1. 

Stored in controller Cont-1 is a program corresponding to the operation mode of first and 
second multi-joint arms 102A and 102B, and included in this operation mode are telescoping 
mode, which drives first and second telescoping drive parts 155 and 165 and causes them to 
perform telescoping operations; swivel mode which, in the state in which first and second 
multi-joint arms 102A and 102B are put in their standard positions, which are indicated by the 
solid lines in FIG. 4, drives first and second swivel drive parts 154 and 164 and performs swivel 
operations; and telescoping/swivel mode, which drives first and second telescoping drive parts 
155 and 165 and causes them to perform telescoping operations, and in part of this, in this 
example, when wafers W are to be moved into cassettes C, simultaneously drives first and second 
telescoping drive parts 155 and 165 and first and second swivel drive parts 154 and 164. 

FIG. 8 shows an example of the specific structure of swivel shafts 170 and 180 and 
rotation shafts 171 and 181 in first and second multi-joint arms 102A and 102B and related parts. 
In FIG. 8, 154a and 155a are pulleys for rotating swivel shaft 170 and rotation shaft 171, 
respectively, and they are driven by, respectively, motor Ml and motor M2, which is hidden 
behind this motor Ml and cannot be seen. 164a is a pulley that rotates swivel shaft 180, and it is 
driven by motor M3 via drive pulley 164c and belt 164b. 165a is a pulley that rotates rotation 
shaft 181, and it is driven by motor M4 via drive pulley 165c and belt 165b. Motors M1-M4 are 
affixed to base BE, which forms the floor of transfer chamber 113. 

Returning now to FIG. 4 to briefly describe second substrate transfer device 103, which 
is arranged in second transfer chamber 116, second substrate transfer device 103 consists of first 
multi-joint arm 103A and second multi-joint arm 103B, which consist of three arms that can 
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variously swivel and telescope, and tip-end arms 131 A and 13 IB, which are positioned at the 
uppermost level, are able to hold wafers W on both sides. Also, first multi-joint arm 103A and 
second multi-joint arm 103B are so constructed that they move describing curves in a direction 
away from each other when tip-end arms 131 A and 13 IB advance (retract) from their standard 
position, which is indicated by solid lines, making it possible to simultaneously pass wafers W to 
mutually adjacent chambers 104 and 104 or preliminary vacuum chambers 114 and 115. 

Next, we describe the operation of the second embodiment. First, we discuss, among 
the operation modes in substrate transfer device 102, the previously mentioned telescoping mode. 
In first multi-joint arm 102A, when base-end pulley 172 is rotated, stopping with regard to first 
swivel drive part 154, which is the drive part of swivel shaft 170 (see FIG. 7) and operating 
(driving) with regard to first telescoping drive part 155, which is the drive part of rotation shaft 
171, rotation shaft 175, which supports middle arm 152, tries to rotate. At this time, no rotation 
force is given from drive part 154, and swivel shaft 170 is in a free state (rotatable state), so, 
when base-end pulley 172 rotates clockwise at the solid-line position shown in FIG. 9, middle arm 
152 tries to open up with respect to swivel arm 151, so it rotates clockwise as indicated by the 
dotted lines, and swivel arm 151 also rotates, counterclockwise. 

Here, from the fact that the ratio of the number of teeth between base-end pulley 172 and 
support pulley 173 is 2.67:1, when swivel arm 151 rotates by a degrees from its standard position, 
middle arm 152 rotates by -2.67a degrees. And when middle arm 152 rotates clockwise, 
intermediate pulley 176 rotates counterclockwise relative to middle arm 152, so substrate holding 
arm 153 rotates counterclockwise, and because the ratio of the number of teeth between 
intermediate pulley 176 and tip-end pulley 177 is 1:2, substrate holding arm 153 rotates by 1.335a 
degrees. Therefore, as shown in FIG. 9, when first multi-joint arm 102A is extended from its 
standard position and substrate holding arm 153 is caused to advance, the locus of motion of 
substrate holding arm 153, or more particularly of the center position of wafer W held in substrate 
holding arm 153, describes a curve in a direction away from horizontal straight line L0. Straight 
line L0 is a horizontal straight line that joins points equidistant from first and second substrate 
holding arms 153 and 163 in the standard position and passes through swivel center Ql. In 
second multi-joint arm 102B as well, when stopped with regard to second swivel drive part 164 
(see FIG. 7) and operated with regard to second telescoping drive part 165, which is the drive part 
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of rotation shaft 181, the same motion is made, and the locus of motion of substrate holding arm 
163 becomes symmetrical to the locus of motion of substrate holding arm 153 with respect to 
straight line LO. 

Next we explain, among the operation modes of substrate transfer device 102, the swivel 
mode. In this swivel mode, with regard to first multi-joint arm 102A, in the state in standard 
position, first swivel drive part 154 and first telescoping drive part 155 are simultaneously 
operated, rotating base-end pulley 172 and swivel shaft 170 counterclockwise, and with regard to 
second multi-joint arm 102B, in the state in standard position, second swivel drive part 164 and 
second telescoping drive part 165 are simultaneously operated, rotating base-end pulley 182 and 
swivel shaft 180 counterclockwise. Because of this, first and second multi-joint arms 102A and 
102B rotate counterclockwise about swivel center Ql, while keeping the state in standard position 
shown by the solid lines in FIG. 4. 

Further, we explain, among the operation modes of substrate transfer device 102, the 
telescoping/swivel mode. In this mode, with respect to first and second multi-joint arms 102A 
and 102B in standard position, first and second telescoping drive parts 155 and 165 are driven 
without driving first and second swivel drive parts 154 and 164 as in the aforementioned 
telescoping mode, and because of this, first and second substrate holding arms 153 and 163 
advance, describing a curve so that they open up left and right symmetrically with respect to 
straight line LO. 

And to give an explanation concerning first substrate holding arm 153, when it reaches a 
prescribed position, in this example, a position facing cassette C, as is shown in greater detail by 
the solid lines in FIG. 10, when it reaches a location such that center W0 of wafer W held in 
substrate holding arm 153 is positioned on the extension of horizontal centerline LI of cassette C, 
first swivel drive part 154 is driven so that swivel shaft 170 rotates counterclockwise. As a 
result, as shown in FIG. 10, first substrate holding arm 153, while advancing, moves linearly from 
its solid-line position to its dotted-line position in FIG. 10, by a combination of the operation of 
trying to bend to the left and the operation of trying to rotate inward (toward straight line L0). 
That is, the locus of motion of center W0 of wafer W becomes a straight line. 

With regard to second substrate holding arm 163 too, a symmetrical operation is 
performed in exactly the same way. When second substrate holding arm 163 reaches a position 
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facing cassette C, that is, when it reaches a location such that center WO of wafer W held in 
substrate holding arm 163 is positioned on the extension of horizontal centerline LI of cassette C, 
second swivel drive part 164 is driven so that swivel shaft 180 rotates clockwise. As a result, 
second substrate holding arm 163, while advancing, moves linearly, by a combination of the 
operation of trying to bend to the left and the operation of trying to rotate inward (toward straight 
line L0). 

Because first substrate transfer device 102 operates as described above, in operating the 
substrate processing device, transfer takes place for example as follows. Referring to FIG. 4, 
pre-processing wafer W is held by cassette C and is transferred into cassette chamber 111 or 112, 
gate door GD is closed to form an airtight space, then, for example, an inert-gas atmosphere is 
made. Then gate valves G on the inner side of cassette chambers 111 and 112 open, and first and 
second multi-joint arms 102A and 102B inside first transfer chamber 113, which has been given 
an inert-gas atmosphere, carry out the aforesaid telescoping/swivel mode operation. In this 
mode, first and second substrate holding arms 153 and 163 advance describing a curve while 
mutually opening up, and when they reach a position facing cassettes C in cassette chambers 111 
and 112, they advance into cassettes C moving in a straight line, cassettes C are lowered by 
elevator mechanism 111b shown in FIG. 5, and wafers W are passed to first and second substrate 
holding arms 153 and 163. 

Next, first and second substrate holding arms 153 and 163 retract as far as the standard 
position shown by the solid lines in FIG. 11, along the loci they traversed when advancing in. 
Then, for positioning of wafers W, wafers W on first and second substrate holding arms 153 and 
163 are passed in sequence to positioning stages 117 and 118. That is, by driving first and 
second swivel drive parts 154 and 164, first and second swivel arms 151 and 161 are 
simultaneously swiveled by the prescribed angle; by driving first telescoping drive part 155, first 
substrate holding arm 153 is extended and wafer W is passed onto positioning stage 117; and after 
positioning takes place here, first substrate holding arm 153 is retracted, following which first 
and second swivel arms 151 and 161 are simultaneously swiveled by the prescribed angle; and 
likewise for the wafer W on second substrate holding arm 163, positioning takes place in the same 
way by positioning stage 118. Next, by swivel mode, first and second swivel arms 151 and 161 
are simultaneously swiveled, and first and second multi-joint arms 102A and 102B assume the 
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attitude shown by the solid lines in FIG. 4. Thereafter, first and second multi-joint arms 102A 
and 102B perform the operations of telescoping mode, first and second substrate holding arms 
153 and 163 advance describing a curve while mutually opening up, advance into preliminary 
vacuum chambers 114 and 115, respectively, and pass wafer W. 

Then, after preliminary vacuum chambers 114 and 115 are given the prescribed vacuum 
atmosphere, wafers W in preliminary vacuum chambers 114 and 115 are simultaneously 
transferred by second substrate transfer device 103 into the prescribed mutually adjacent vacuum 
chambers 104, for example, vacuum chambers 104C and 104D, and the prescribed vacuum 
processing is carried out. On the other hand, wafers W on which vacuum processing has been 
completed are transferred out of vacuum chambers 104 by second substrate transfer device 103 
and are transferred into preliminary vacuum chambers 114 and 115, respectively. These wafers 
W are passed to first and second multi-joint arms 102A and 102B and are returned into their 
original cassettes C. 

By the above-described second embodiment, in telescoping mode, first and second 
substrate holding arms 153 and 163 advance describing a curve so that they mutually open up, so 
wafers W can be passed to first and second preliminary vacuum chambers 114 and 115, whose 
openings (transfer openings) face toward the swivel center. And in telescoping/swivel mode, 
first and second substrate holding arms 153 and 163 advance describing a curve so that they 
mutually open up, and it is arranged so that they can advance and retract along a straight line by 
combining the telescoping operation and the swivel operation from midway, allowing wafers W to 
be passed even if it is not the case that the two cassettes C are arranged side by side on a straight 
line and their openings face the swivel center. 

Also, the length of middle arms 152 and 162 is made shorter than swivel arms 151 and 
161, middle arms 152 and 162 are rotated rearward, substrate holding arms 151 and 161 are 
allowed to approach each other, and swiveling is done in this attitude, so the swivel radius is 
small, and because of this, the space for transfer chamber 113 can be made small, the transfer of 
wafers W can be done with high efficiency, and at the device's ports for transferring in and 
transferring out, for example two cassettes C can be arranged side by side along a straight line. 

In the above-described second embodiment, cassette chambers 111 and 112 are 
connected to first transfer chamber 113, but if the transfer containers are sealed cassettes, then, as 
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shown in FIG. 12, a composition is adopted in which partition wall 191 is provided on one side of 
first transfer chamber 113; provided on the outside of this partition wall 191 are two placement 
platforms that can be advanced and retracted and form a placement area not seen in the drawing; 
sealed cassettes 192 and 193 are placed on these placement platforms and they are advanced; and 
the flange parts of cassettes 192 and 193 are made to attach firmly to the outer surface of partition 
wall 191. In this case too, cassettes 192 and 193 are arrayed side by side in a straight line. 
Transfer openings 196 and 197, which are opened and closed by doors 194 and 195, respectively, 
are formed side by side on partition wall 191; and doors 194 and 195 and the covers on the side of 
cassettes 192 and 193, respectively, are opened simultaneously, allowing the interior space of 
cassettes 192 and 193 to communicate with transfer chamber 113, following which passing is 
done by second transfer means 102 with respect to wafers W inside cassettes 192 and 193. Also, 
in this case, second transfer means 102 has a structure that can be raised and lowered by an 
elevator part not pictured. 

In the above-described second embodiment, the structure is such that swivel shafts 170 
and 180 of first multi-joint arm 102A and second multi-joint arm 102B cause driving 
independently of each other, but the two swivel shafts may be shared, that is, they may be driven 
by a common swivel drive part. In this case, for example, first multi-joint arm 102A is 
telescoped and passing of a substrate is done, following which second multi-joint arm 102B is 
telescoped and passing of a substrate is done. Also, the substrate transfer device of the second 
embodiment may be made in such a way that first telescoping drive part 154 and second 
telescoping drive part 164 are in common, and first multi-joint arm 102A and second multi-joint 
arm 102B are driven by a single shaft. Moreover, four or more arms may be used instead of the 
three arms used in the first and second multi-joint arms used in the second embodiment. 

This second embodiment can also be applied to the case in which no preliminary vacuum 
chamber (load lock chamber) is connected to first transfer chamber 113 in which first and second 
multi-joint arms 102A and 102B are arranged, but a substrate process chamber in which vacuum 
processing is done is attached. Also, the substrate process chambers are not limited to 
one-wafer-at-a-time vacuum process chambers; it may also be a partitioned space that includes, 
for example, an upright batch furnace for heat processing in batches and a loading area with, for 
example, an inert-gas atmosphere for transferring substrates into this batch furnace. 



- 22 - 



With the substrate transfer device of the second embodiment, in some of the operation 
modes the driving of the swivel drive parts and the driving of the telescoping drive parts is done 
simultaneously, so the degree of freedom of the design of the transfer paths is high. And by 
adding a mode in which only the telescoping drive parts are driven and the first and second 
substrate holding arms move describing a curve while opening up to the left and right with respect 
to a horizontal straight line that passes through the swivel center, even if the openings (transfer 
openings) of two mutually adjacent chambers do not face toward the swivel center, passing of 
substrates can be done with respect to these chambers, and transferring can be done efficiently. 
Moreover, by driving also swivel drive parts in addition to telescoping drive parts, the substrate 
holding arms are made to execute linear motion, so substrate passing can be done also in the case 
in which the first and second substrate transfer containers are aligned left and right on a straight 
line (in a horizontal row). Also with the substrate processing device of the second embodiment, 
by employing the substrate transfer device, it is possible to arrange first and second substrate 
transfer containers left and right on a straight line and to perform high-throughput processing. 

[Third Embodiment] 

FIGS. 13 and 14 show a substrate processing device according to a third embodiment of 
present invention. This substrate processing device has, for example, two cassette chambers 211 
and 212 of airtight structure, into which are transferred cassettes (transfer containers) C, which 
store multiple wafers, which are the substrates. Cassette chambers 211 and 212 each have a gate 
door GD on the atmosphere side, and the space with the atmosphere is airtightly partitioned by 
this gate door GD. Provided inside cassette chambers 211 and 212, as shown in FIG. 14, is 
elevator part 211b for raising and lowering cassette placement platform 211a and successively 
positioning the wafer retention grooves inside cassette C to the access level of the first transfer 
device, which is discussed below. 

First transfer chamber 213, which is of airtight structure, is airtightly connected to the 
interior side of cassette chambers 211 and 212, and second transfer chamber 216, which is given a 
vacuum atmosphere, is airtightly connected to this first transfer chamber 213, via preliminary 
vacuum chambers 214 and 215, which are two load lock chambers (standby chambers) aligned to 
the left and right. Also, 210 in the diagram is a panel that constitutes the wall surface part. 
Provided inside first transfer chamber 213 are positioning stages 217 and 218 for rotating wafers 
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W and aligning their orientation, and first substrate transfer device 202 for transferring wafers W 
between cassette chamber 211 and 212 and preliminary vacuum chambers 214 and 215 and 
positioning stages 217 and 218. Cassette chambers 211 and 212 and first transfer chamber 213 
are given an atmosphere of, for example, inert gas, but may also be given a vacuum atmosphere. 

Second transfer chamber 216 is formed in a polygonal shape, for example an octagonal 
shape, and provided inside it is second substrate transfer device 203. Connected airtightly to six 
of the sides of the octagon of this second transfer chamber 216 are vacuum chambers 204 
(204A-204F), which are substrate process chambers, and connected to the remaining two sides are 
preliminary vacuum chambers 214 and 215. In FIG. 13, vacuum chambers 204 are pictured, for 
convenience in illustration, as simple circles, but if circular chambers are actually used, a 
member that joins the chamber and second transfer chamber 216 and forms a transfer opening is 
interposed between them. 

Vacuum chambers 204 may also be chambers in the shape of, for example, a 
quadrilateral. What can be cited as the vacuum processing that is done in vacuum chambers 204 
includes, for example, etching by etching gas, film formation processing by film formation gas, 
and ashing by ashing gas. Provided inside a vacuum chamber 204, as shown in FIG. 14, are 
placement platform 241 onto which to place wafer W and gas supply part 242 for supplying 
processing gas, and the centers of the wafers W placed onto placement platforms 241 in vacuum 
chambers 204 lie on a circle whose center is the center of second transfer chamber 216. 

Next, we describe in detail second substrate transfer device 203, which is a substrate 
transfer device according to the third embodiment of the present invention. FIGS. 15 and 16 
show a general view and the transmission system, respectively, of second substrate transfer 
device 203. In this example, this substrate transfer device 203 has first multi-joint arm 203A, 
which forms the first transfer part, and second multi-joint arm 203B, which forms the second 
transfer part, and first multi-joint arm 203 A has swivel arm 251, which comprises the first swivel 
part, whose swivel center is the center of second transfer chamber 216, middle arm 252, which is 
provided rotatably in the horizontal direction at the tip-end part of this swivel arm 251, and 
substrate holding arm 253, which comprises the first substrate holding part provided rotatably in 
the horizontal direction at the tip-end part of this middle arm 252. Middle arm 252 is made 
shorter than swivel arm 251; for example, it is set to 1/1.65 the length of swivel arm 251. 
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Second multi-joint arm 203B, whose swivel center coincides with swivel center Ql of 
said swivel arm 251, has swivel arm 261, which is provided below swivel arm 251 and comprises 
the second swivel part, middle arm 262, which is provided on this swivel arm 261, and substrate 
holding arm 263, which comprises the second substrate holding part provided on this middle arm 
262. The structure of second multi-joint arm 203B is essentially the same as the structure of 
first multi-joint arm 203A, but it is different in, for example, the length of the rotation shaft of 
substrate holding arm 263, in order to ensure that the height position of substrate holding arm 263 
is made the same as substrate holding arm 253 of first multi-joint arm 203A, that is, in order to 
ensure that the composition is such that substrate holding arms 253 and 263 transfer on the same 
plane. 

First multi-joint arm 203A and second multi-joint arm 203B are set so that, in their 
standard position, swivel arms 251 and 261 lie on a straight line and middle arms 252 and 262 
overlay swivel arms 251 and 261, respectively, and lie on a straight line. And they are set so 
that at this time substrate holding arms 253 and 263 are perpendicular to middle arms 252 and 262, 
respectively. Substrate holding arm 253 (263) is shaft-supported on middle arm 252 (262) in the 
exact middle of its length direction, and fork-shaped holding parts 254 and 255 (264 and 265) for 
holding wafers W are provided at both ends in the advance-retract direction so that they can hold 
two substrates each. 

Describing the transmission system of first and second multi-joint arms 203A and 203B 
while referring to FIG. 16, the composition is such that swivel arm 251 of first multi-joint arm 
203 A swivels by cylindrical swivel shaft 270, whose center of rotation is swivel center Ql. 
Provided on the base-end side of swivel arm 251 is base-end pulley 272, which can rotate 
independently of swivel arm 251 by rotation shaft 271, whose center of rotation is swivel center 
Ql and which is provided inside cylindrical swivel shaft 270. Provided rotatably on the tip-end 
part of swivel arm 251 is support pulley 273, which supports middle arm 252 and rotates 
integrally with middle arm 252, and this support pulley 273 is coupled to base-end pulley 272 by 
timing belt 274. 

Affixed to the upper-end part of hollow rotation shaft 275, which is provided on the 
upper side of support pulley 273, is middle arm 252. Provided on the base-end part of middle 
arm 252, coaxially with said support pulley 273, is intermediate pulley 276, which for example is 
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of the same diameter and has the same number of teeth as said support pulley 273, while provided 
rotatably on the tip-end part of middle arm 252 is tip-end pulley 277, and this tip-end pulley 277 
is coupled to intermediate pulley 276 by timing belt 278. Intermediate pulley 276 is affixed to 
shaft part 276a, which passes through the interior of hollow rotation shaft 275 and is affixed to 
swivel arm 251. Affixed to the upper-end part of rotation shaft 279, which is provided on the 
upper side of tip-end pulley 277, is substrate holding arm 253. 

In a usual multi-joint arm, the substrate holding arm executes linear motion, by setting 
the ratio of the number of teeth between base-end pulley 272 and support pulley 273 to 2:1 and 
setting the ratio of the number of teeth between intermediate pulley 276 and tip-end pulley 277 to 
1:2, but in multi-joint arm 203A of this third embodiment the ratio of the number of teeth between 
base-end pulley 272 and support pulley 273 is set to, for example, 2.67:1, which is a value greater 
than 2, and the ratio of the number of teeth between intermediate pulley 276 and tip-end pulley 
277 is set to 1:2. Because of this, substrate holding arm 253 assumes a locus that describes a 
curve, as discussed below. 

In second multi-joint arm 203B, 280 is a cylindrical swivel shaft, 281 is a cylindrical 
rotation shaft, 282 is a base-end pulley, 283 is a support pulley, 284 is a timing belt, 285 is a 
rotation shaft, 286 is an intermediate pulley, 286a is a shaft part, 287 is a tip-end pulley, 288 is a 
timing belt, and 289 is a rotation shaft. Second multi-joint arm 203B is different from first 
multi-joint arm 203 A in several points — for example, rotation shaft 281 of base-end pulley 282 is 
provided so as to surround swivel shaft 270 of first multi-joint arm 203A, and rotation shaft 289 
of substrate holding arm 263 is longer than rotation shaft 279 of substrate holding arm 253 of first 
multi-joint arm 203A — but it is exactly the same as first multi-joint arm 203A in its composition 
that determines the transfer function. Therefore, the center of rotation of swivel shaft 280 and 
rotation shaft 281 is said swivel center Ql, middle arm 262 is set to 1/1.65 the length of swivel 
arm 261, the ratio of the number of teeth between base-end pulley 282 and support pulley 283 is 
set to 2.67:1, and the ratio of the number of teeth between intermediate pulley 286 and tip-end 
pulley 287 is set to 1:2. 

In FIG. 16, 256 and 257 are, respectively, the drive part of swivel shaft 270 and the drive 
part of rotation shaft 271 in first multi-joint arm 203A, and 266 and 267 are, respectively, the 
drive part of swivel shaft 280 and the drive part of rotation shaft 281 in second multi-joint arm 
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203B. These drive parts 256, 257, 266, and 267 correspond to mechanisms made up of motors, 
pulleys, and belts, etc. Rotation shaft drive part 257 and the aforementioned base-end pulley 
272 and the other pulleys, timing belts, and rotation shafts, etc. correspond to a first 
advance-retract drive part for advancing and retracting the substrate holding part of first 
multi-joint arm 203A, and rotation shaft drive part 267 and the aforementioned base-end pulley 
282 and the other pulleys, timing belts, and rotation shafts, etc. correspond to a second 
advance-retract drive part for advancing and retracting the substrate holding part of second 
multi-joint arm 203B. 

FIG. 17 shows an example of the specific structure of swivel shafts 270 and 280 and 
rotation shafts 271 and 281 in first and second multi-joint arms 203 A and 203B and related parts. 
In FIG. 17, 256a and 257a are pulleys for rotating swivel shaft 270 and rotation shaft 271, 
respectively, and they are driven by, respectively, motor Ml and motor M2, which is hidden 
behind this motor Ml and cannot be seen. 266a is a pulley that rotates swivel shaft 280, and it is 
driven by motor M3 via drive pulley 266c and belt 266b. 267a is a pulley that rotates rotation 
shaft 281, and it is driven by motor M4 via drive pulley 267c and belt 267b. Motors M1-M4 are 
affixed to base BE, which forms the floor of transfer chamber 216. 

Next, we describe the operation of the third embodiment. In first multi-joint arm 203A, 
when base-end pulley 272 is rotated, stopping with regard to drive part 256 of swivel shaft 270 
(see FIG. 16) and operating with regard to drive part 257 of rotation shaft 271, rotation shaft 275, 
which supports middle arm 252, tries to rotate. At this time, no rotation force is given from 
drive part 256, and swivel shaft 270 is in a free state (rotatable state), so, as shown in FIG. 18, 
when base-end pulley 272 rotates clockwise, middle arm 252 tries to open up with respect to 
swivel arm 251, so it rotates clockwise, and swivel arm 251 also rotates, counterclockwise. 

Also, in FIG. 18, LI is the shaft line of swivel arm 251 when first multi-joint arm 203A 
is in standard position (the line that joins the swivel center and the center of rotation of support 
pulley 273), L2 is the shaft line of middle arm 252 (the line that joins the center of intermediate 
pulley 276 and the center of tip-end pulley 277), L3 is the shaft line of substrate holding arm 253 
when first multi-joint arm 203A is in standard position (the line that joins the center of tip-end 
pulley 277 and the center of wafer W when substrate holding arm 253 holds wafer W, the 
centerline of substrate holding arm 253 in its width direction), and L4 is the shaft line of 
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substrate holding arm 253 when swivel arm 251 rotates by a degrees. Also, in FIG. 18, the 
other-side holding part 255 is omitted. 

Here, from the fact that the ratio of the number of teeth between base-end pulley 272 and 
support pulley 273 is 2.67:1, when swivel arm 251 rotates by a degrees from its standard position, 
middle arm 252 rotates by -2.67a degrees. And when middle arm 252 rotates clockwise, 
intermediate pulley 276 rotates counterclockwise relative to middle arm 252, so substrate holding 
arm 253 rotates counterclockwise, and because the ratio of the number of teeth between 
intermediate pulley 276 and tip-end pulley 277 is 1:2, substrate holding arm 253 rotates by 1.335a 
degrees. Therefore, as shown in FIG. 19, when first multi-joint arm 203A is extended from its 
standard position and substrate holding arm 253 is caused to advance, the locus of substrate 
holding arm 253, or more particularly of the center position of wafer W held in substrate holding 
arm 253, passes through swivel center Ql and describes a curve in a direction away from 
horizontal straight line LO, which is perpendicular to said straight line LI. 

If made so that when the ratio of the number of teeth between base-end pulley 272 and 
support pulley 273 is A:l and the ratio of the number of teeth between intermediate pulley 276 
and tip-end pulley 277 is 1:2, shaft line L4 of substrate holding arm 253 when first multi-joint 
arm 203A is fully extended forms an angle of q/2 with respect to straight line LO, then we have 
the relationship A = 360/(180-q). In this example, A is 2.67, so q is 45, and q/2 comes to 22.5. 
In second multi-joint arm 203B as well, the same motion is made, and the locus of motion of 
substrate holding arm 263 being symmetrical with the locus of motion of said substrate holding 
arm 253, shaft line L4 of substrate holding arm 263 when second multi-joint arm 203B is fully 
extended forms an angle of q/2 with respect to straight line LO, and in this example it comes to 
22.5 In other words, if this substrate transfer device 203 simultaneously performs an extension 
operation on first multi-joint arm 203A and second multi-joint arm 203B, substrate holding arms 
253 and 263, which are substrate holding parts (more particularly, holding parts 254 and 264) 
move symmetrically apart from each other while describing a curve, and the angle of opening 
(narrow angle) becomes the q that is expressed by A = 360/(180-q), which in this case comes to 45 
degrees. 

The reason why the angle of opening has been set to 45 degrees is that, as shown in FIG. 
13, second transfer chamber 216 is of octagonal shape, and in the opening of vacuum chambers 
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204 or preliminary vacuum chambers 214 and 215 connected to the side of transfer chamber 216, 
the emission angle from the center of transfer chamber 216 toward the centers of mutually 
adjacent openings (in other words, the angle formed by the centers of wafers W in mutually 
adjacent vacuum chambers 204 or preliminary vacuum chambers 214 and 215, with the center of 
transfer chamber 216) is 45 degrees. Also, in FIG. 19, even if base-end pulleys 272 and 282 are 
rotated in reverse (rotated counterclockwise), substrate holding arms 253 and 263 move in exactly 
the same way while describing loci that are symmetrical to the loci in the advancing direction. 

And first and second multi-joint arms 203A and 203B rotate counterclockwise 
maintaining their state in the standard position shown by the solid lines in FIG. 13 if, for first 
multi-joint arm 203A, being in standard position, drive parts 256 and 257 are operated 
simultaneously, causing base-end pulley 272 and swivel shaft 270 to rotate counterclockwise, and 
for second multi-joint arm 203B, being in standard position, drive parts 266 and 267 are operated 
simultaneously, causing base-end pulley 282 and swivel shaft 280 to rotate counterclockwise. 

Because second substrate transfer device 203 operates as described above, in operating 
the substrate processing device, transfer takes place for example as follows. Referring to FIG. 
13, pre-processing wafer W is held by cassette C and is transferred into cassette chamber 211 or 
212, gate door GD is closed to form an airtight space, then, for example, an inert-gas atmosphere 
is made. Then gate valves G on the inner side of cassette chambers 211 and 212 open, and 
wafers W are simultaneously removed by first substrate transfer device 202 inside first transfer 
chamber 213, which has been given an inert-gas atmosphere, from cassette C inside cassette 
chamber 211, and from cassette C inside cassette chamber 212, and are transferred to positioning 
stages 217 and 218. Moreover, first substrate transfer device 202 also consists of two 
multi-joint arms and is so constructed as to make it possible to transfer two wafers W 
simultaneously. 

After the orientation of these two wafers W is aligned to the prescribed orientation, they 
are transferred to preliminary vacuum chambers 214 and 215 by first substrate transfer device 202, 
and after preliminary vacuum chambers 214 and 215 are set to the prescribed vacuum atmosphere, 
they are simultaneously transferred to the prescribed vacuum chambers 204 by second transfer 
device 203. 

FIG. 20A depicts the state in which, for example, vacuum processing of wafers Wl and 
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W2 is completed in vacuum chambers 204C and 204D, respectively, and wafers W3 and W4, 
which are to be processed next, are waiting in preliminary vacuum chambers 214 and 215. In 
this state, for example, substrate holding arms 253 and 263 of second substrate transfer device 
203 intrude into preliminary vacuum chambers 214 and 215, respectively, and wafers W3 and W4 
are received by holding parts 265 and 255, respectively (see FIG. 20B). Next, substrate holding 
arms 253 and 263 intrude into vacuum chambers 204C and 204D, respectively, and wafers Wl and 
W2 are received by holding parts 264 and 254, respectively (see FIG. 21 A). Thereafter, as 
shown in FIG. 2 IB, second substrate transfer device 203 swivels by 180 degrees (more 
particularly, aforesaid swivel arms 251 and 261 swivel by 180 degrees), and as shown in FIG. 22 A, 
wafers Wl and W2 held by substrate holding parts 264 and 254, respectively, are transferred to 
preliminary vacuum chambers 214 and 215, and as shown in FIG. 22B, wafers W3 and W4 held by 
substrate holding parts 265 and 255, respectively, are transferred into vacuum chambers 204C and 
204D. Wafers Wl and W2 transferred into preliminary vacuum chambers 214 and 215, 
respectively, are for example simultaneously returned into cassette chamber 211 and 212 by first 
substrate transfer device 202. In the explanation thus far, we have focused on vacuum chambers 
204C and 204D, but wafer replacement is done in the same way if vacuum processing of the 
wafers has been completed in, for example, vacuum chambers 204 A and 204B. 

And if, for example in FIG. 13, vacuum chambers 204A and 204F are not used, one may 
use the other four vacuum chambers 204B-204E that are lined up continuously, simultaneously 
transferring wafers W by substrate holding arms 253 and 263 with respect to pairs of vacuum 
chambers (204B, 204C) and (204D, 204E). In addition, because first multi-joint arm 203A and 
second multi-joint arm 203B can be driven independently, when for example vacuum chamber 
204B is not used, transfer of wafers W can be done simultaneously by substrate holding arms 253 
and 263 with respect to vacuum chambers (204C, 204D) and (204E, 204F), and with respect to 
vacuum chamber 204A, operation may be done using whichever mode is best: a mode in which 
both multi-joint arms 203A and 203B are driven, or a mode in which only one is driven, wherein 
one or the other of substrate holding arms 253 and 263 is used. 

According to the above-described third embodiment, the loci of motion of substrate 
holding arm 253 of first multi-joint arm 203A (the first substrate holding part) and of substrate 
holding arm 263 of second multi-joint arm 203B (the second substrate holding part) are separate 
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symmetrically respectively left and right from the horizontal straight line that passes through said 
swivel center, so passing of wafers W can be done without the two multi-joint arms 203A and 
203B interfering with each other. And because it is possible to advance describing curves in 
such a way that substrate holding arms 253 and 263 mutually open up and to place substrate 
holding arms 253 and 263 in standard position and simultaneously swivel, it is possible for 
example to simultaneously pass wafers W with respect to any set of chambers among mutually 
adjacent vacuum chambers 204 provided on sides of octagonal second transfer chamber 216 or 
preliminary vacuum chambers 214 and 215, it is possible to perform operations with a high 
degree of freedom, and because a small swivel radius suffices, it is possible to transfer wafers W 
with high efficiency in a small transfer area. 

In addition, because of the fact that first and second multi-joint arms 203A and 203B can 
be driven independently, by adding a mode in which only one of them is driven, it is possible to 
perform operations with an even higher degree of freedom; for example, even if several of the 
vacuum chambers 204 cannot be used, operations can be performed in which for example all of 
the remaining vacuum chambers 204 can be put to use. Moreover, because substrate holding 
arms 253 and 263, which are substrate holding parts, have holding parts (254, 255) and (264, 265) 
on both ends of each and can hold wafers W two at a time, as is clear from the above explanation 
of the operation, the frequency of swivel operations can be reduced, and in this respect too, 
transferring can be done with high efficiency. 

And the footprint of the device (the area that it occupies) can be made small, because 
vacuum chambers 204 can be arranged along a circle whose center is the swivel center of 
substrate transfer device 203 inside second transfer chamber 216, and because second transfer 
chamber 216 can be made in polygonal shape. 

In the third embodiment, the structure is such that the swivel shafts of first multi-joint 
arm 203A and second multi-joint arm 203B can be driven independently of each other, but both 
swivel shafts may share the same drive source. In this case the two swivel shafts are 
independent of each other, but they may have the same drive source in common, and the two 
swivel shafts may be shared in common. However, it sometimes happens that some error occurs 
in the layout when the device is put together, such as when vacuum chambers 204 are connected 
to transfer chamber 216, so if it is ensured that the swivel shafts can be driven independently of 
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each another, said error can be absorbed by finely adjusting the position of the swivel shafts in 
the rotation direction, and thus it is preferable to have a composition that allows the swivel shafts 
to be driven independently of each other. 

The third embodiment, in which all the chambers provided around the transfer chamber, 
which is equipped with a substrate transfer device, are substrate process chambers, can be applied 
to a device in which, for example, wafers are transferred into said transfer chamber from two of 
the substrate process chambers and wafers are transferred out from two other substrate process 
chambers. Also, the substrate process chambers are not limited to one-wafer-at-a-time vacuum 
process chambers; it may also be a partitioned space that includes, for example, an upright batch 
furnace for heat processing in batches and a loading area with, for example, an inert-gas 
atmosphere for transferring substrates into this batch furnace. 

With the substrate transfer device of the third embodiment, passing of wafers W can be 
done without the two multi-joint arms 203A and 203B interfering with each other, and 
high-efficiency transfer can be done. Also, by having a composition whereby first and second 
substrate holding parts move describing curves while opening to the left and right with respect to 
a horizontal straight line that passes through the swivel center, even if the openings of two 
chambers are not in straight-line shape and face inward, substrate passing can be done by the first 
and second substrate holding parts with respect to these chambers, and transferring can be done 
efficiently within a small transfer area. Also, with the substrate processing device of the third 
embodiment, substrate process chambers can be arranged along a circle whose center is the swivel 
center of the substrate transfer device, and the transfer chamber can be made in polygonal shape, 
so the footprint of the device (the area that it occupies) can be made small, and moreover, 
efficient transferring can be done. 
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StiE&Ay 7 7iH»T*4/1y 77lip 3 9 0 *«! J* S L tr>. A >.y 7 7 t£ 

1^ 3 9 0 (i, 1 Rtffl 2 ©#Mti57- A 2 0 3 A, 2 0 3 B OfiM HIT -5> £ €T © Sg 1 S: 
tfM! 2 ©«««*# 7 -A 2 5 3, 2 6 3 \Z £ ft 5 ? XA W©»»«i» 

S© SUM BO -hicSBB^fts. £©09Ttt, A*7 7ril^3 9 0li. 2 

5 4, 2 5 5 , 2 6 4 , 2 6 5 ©^»iftg#± {CiSM $ ft-§> . 

£©£ 5 fCfitfiJcT ftfc£. uOA'y7 7tfi^3 9 O^^HIl Rtfff! 2 Wlfi§j|7 
-A 2 5 3 , 2 6 3 ©|BT'7IAWfflStt«L*<T*5. i2 8C*t±5l:^ 

2 ©»&«*# 7 -A 2 6 3 ©«J#Hfl& 2 6 4 ^^lAWSMHHiitS.:©!^. 
^ 1 IkTSW, 2©#Hffli7-A 2 0 3A, 2 0 3 B£S£|E]$1iTSfl2©g1£&f£7' — A2 6 
3±®7XAW5A777ti^ 3 9 0©±7jf~&fi£-fc»:"i>o &</>TA*y 7 3 9 

0£±#£i2-TSil2 ©S1S#Jf 7- A 2 6 3 ©&J#gBfe2 6 4Ta&37*-;7g|$#fm ; £a 
iSS-fr-OXAWfcStttt*. ■?•©&, |g 1 2 ©#H8ti5T-A 2 0 3 A, 2 0 3 B 

«@;*-ttTSfS 1 ©l«Sjf7-A 2 5 3 ©«#fflH£ 2 5 4 $ X A W © HT (C <4 B $ it , 
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A'7 7 7ii^3 9 0 £TP££-t»--5 C t fCcfc 9 A' >y 7 3 9 0 *» £ Vx./\Vfifim 1 

©S««J#:F-A2 5 3 KSttjg^nS. 

# < AS. BP'S, !§ 2 £>«Jj*^ 316 O-iSCf^ 2lCDJt$f v>A3 0 4, 3 0 40 
-*T«lb&9XAW** 1R^2 ©SSftfiFT'-A 2 5 3, 2 6 3 ©-^TlfcD ffi 
T. *^T^XAW$A'7 7 r 3 9 O^lT^l JkZ£f& 2 <Z)S1£«it 7 — A 2 5 

3 , 2 6 3 ©AS^fcSttaST. fCi^IAWS 2 ffl©*^* >A* 3 0 4 , 3 0 4©ffi 

^{3^A-r-So ^ntccfco, -jStipo^^*^^^ >n 3 0 4 , 3 0 4F»itit/Dt 

±j#©fg 4 ©HM^TKi, ^l©#MlnT-A2 0 3A<hm2<D#Mgfi7-A2 0 3 
B £© III ttttS UK SUA LT^<5*«, ffi# © SI EI ffi £ ^eiHt L T fe «k tr> . 

mXtt. m 1 S?>*^2 ©ffi[5IT-A 2 5 1, 2 6 1 *#S©«»8BTK»L.Tt>J:tr>. 99 
^ 1 &tff§2 ©SltHlT — A 2 5 1, 26 1 5:-ftftl/Tfei^. 02 9fcSS[U$4S: 
&ilft Ufc*^"©»)f^CD-^J$^ IT* < . &;fc!gl©^|I§g&;7-A2 0 3A < h|g2CD# 
Bfliii7-A2 0 3Btt#* 3 7 — A © |& * *5 it © 1i <=> f\ 4*H1©7-A*I 

ff?4 <DHJ£M©«Mj2i§£fit' in**. j6l»[|tjB20*HBi7-A*fflV>, Sf§ 1 R 
tffg 2 01S«»7-A^S^ KM^Tifii||*fctomil&fcia^i»K»oTiI£-rS «fc 5 \Z 

lax Ffc£0n*. H^SB 1 RtffB 2 ©»ffi««rT-A**S^t»3ttiija-C 
#S©T. 2 03t£^<^^ >/\*© — #fC#LT©^XACD$i£/^T#&&<!i\ Aft 

Additional advantages and modifications will readily occur to those skilled in the art. 
Therefore, the invention in its broader aspects is not limited to the specific details and 
representative embodiments shown and described herein. Accordingly, various modifications 
may be made without departing from the spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 
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